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Abstract. The laser pyrolysis technique was employed in the production of magnetic iron 
oxide nanometric powders due to its capability of producing highly homogeneous 
nanoparticles in continuous form. This technique consists of the laser-driven rapid heating 
of an iron precursor in vapor phase in presence of oxygen. Different samples were 
prepared by changing the experimental conditions of synthesis. We found that high 
crystallinities and good magnetic properties are attained at high density of the laser power 
and strong oxidation. By the contrary, softer conditions using low laser densities and soft 
oxidation conditions give in general smaller and poorly ordered nanoparticles. The 
particles obtained were in the range of 2 to 9 nm in diameter (TEM). All of them were 
superparamagnetic at room temperature with saturation magnetization values in the 
interval of 4-38 emu/g-sample. The samples consist in Fe2O3 maghemite with carbon as the 
main impurity present on the surface in the form of C=O bonds.  
Keywords: Laser Pyrolysis, Nanoparticles, Superparamagnetism, Iron Oxide  
PACS: 81.20.-n, 42.62.-b, 75.47.Lx, 75.50.Tt, 82.30.Lp.   
INTRODUCTION 
In the development of the BONSAI FP6 EU Project, new magnetic colloids for 
biomedical applications based on nanometric powders of magnetic iron oxides with 
the maghemite/magnetite structure have been synthesised. In this work we explored 
the capability of the Laser Pyrolysis for the production of these materials using a 
broad range of experimental conditions. The samples were characterized by X-ray 
diffraction, Transmission Electron Microscopy, and XPS spectroscopy. The results 
allowed us to select the best experimental conditions for the production of the 
magnetic nanoparticles for the preparation of the biocompatible magnetic colloids 
required.   
22
Downloaded 28 Nov 2010 to 160.103.2.224. Redistribution subject to AIP license or copyright; see http://proceedings.aip.org/about/rights_permissions
EXPERIMENTAL  
 
The laser pyrolysis technique consists of the laser-driven heating of an iron 
precursor in vapor phase (iron pentacarbonyl) in presence of oxygen 1-2. The main 
experimental parameters are: The laser power density and beam shape, the input rate 
of the iron precursor, the oxidation procedure, and the nature of the sensitizer (a 
component added to the gas mixture that absorbs the CO2 laser radiation). Table 1 
shows the experimental conditions of representative samples. The productivity of  
 
 
 
 
 
the system ranges between the 0.2 g/hr of Bonfex4 and the 3.3 g/hr of SF39. The 
samples were characterized using X-ray powder diffraction (XRD), transmission 
electron microscopy (TEM), high resolution transmission electron microscopy (HR-
TEM), selected area electron diffraction (SAED), magnetic measurements, elemental 
analysis, energy dispersive X-ray analysis (EDAX), and X-ray photoelctron 
spectroscopy (XPS), in order to obtain information on the particle size, crystallinity, 
saturation magnetization, and presence of impurities.  
 
RESULTS AND DISCUSSION  
 
     The samples obtained were identified as maghemite/magnetite by HR-TEM. Only 
in the case of SFF4 could the sample be identified unambiguously as pure maghemite. 
All of them were superparamagnetic with saturation magnetization values at room 
temperature in the interval of 4-38 emu/g. With respect to crystallinity and particle 
size, the laser pyrolysis showed great versatility. Figure 1 shows the XRD patterns of 
the  samples  in  relation to  the particle  size distribution  obtained  by  TEM. The  
 
 
 
Table 1: Experimental parameters employed in the laser pyrolysis synthesis of magnetic iron oxide 
nanoparticles. Ethylene and sulphur hexafluoride are employed are sensitizers. The pressure is 300 
mbar (400 mbar in Bonfex4) and the nozzle diameter was 2 mm.  
Sample Laser  
Power 
[W] 
Beam 
Diameter 
[mm] 
Fe(CO)5 
flux 
[sccm] 
Carrier gas 
Flux [sccm] 
Confinment  
Gas [sccm] 
Bonfex4 79 4 0.2 9 C2H4 750 N2 + 40 Air 
SF39 55 1.5 19 100 C2H4+70 Air 1650 Ar 
SFF4 50 1.5 19 100 Ar +70 Air + 5 SF6 1650 Ar 
SFF8 50 1.5 19 100 Ar +70 Air + 15 SF6 1650 Ar 
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FIGURE 1: Comparison among representative samples of magnetic iron oxides produced by laser 
pyrolysis. The reference bar in the TEM micrographs represents 50nm.  
 
 
 
sample BONFEX4 has amorphous character with an average particle size (<D>) 
greater than the crystallite size determined using the Sherrer equation. The rest of the 
samples are crystalline with good coincidence of the average TEM size and the 
Sherrer size. The polidispersity of the particle size distributions (PSD’s) indicated by 
the standard deviations of sizes (σ) increases with the particle size. It is interesting to 
note that a second PSD appear in SFF8 due to the coagulation. 
     In relation to the effect of the experimental conditions on the materials is clear that 
pre-mixing of the oxidant with the precursor (hard oxidation) favors the crystallinity 
of the samples. By the contrary, mixing of the oxygen with the inert confinement gas 
(soft oxidation) generates less crystalline samples. The effect of the process conditions 
on the particle size is somewhat more complex. The mode (maximum of the PSD) 
seems to be related to the input rate of precursor, but the average size is influenced by 
the increase of the coagulation with the temperature of the process. Consequently high 
laser densities and strong sensitizers as (SF6) give the higher values of <D> but with 
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unacceptable values of σ for the production of magnetic colloids proposed in the 
BONSAI Project. 
     Carbon is the most important impurity. It decreases with the increase of 
temperature from the 2.5% w/w present in BONFEX4 to the 0.5% w/w of SF39. XPS 
studies revealed that the carbon is located mainly in the surface in the form of C=O 
bonds. Fluoride is the main impurity present in the samples prepared using SF6 4.14 % 
at. In SFF8 (EDAX), sulphur is present in much less amount 0.40 % at. in the same 
sample.   
CONCLUSION  
Laser pyrolysis was probed to be a good tool for the continuous production of 
magnetic nanoparticles of iron oxide with variable degrees of crystallinity and average 
particle size in the range of 2 to 9 nm with good productivity. Low laser density and 
soft oxidation conditions lead to the smallest nanoparticles with narrow particles size 
distribution but low crystallinity and high carbon content. High temperature conditions 
generated using focused laser beams; strong sensitizer SF6 and premixed oxygen 
generate well crystallized particles with low impurity content but quite polidisperse. A 
compromise situation has been attained in sample SF39 and consequently this sample 
was selected for the production of magnetic colloids in the development of the 
BONSAI project.     
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